focused on its role in stimulating skin keratinocyte function and wound 2 re-epithelialization, originally reported by Tang et al. (2010) . In our previous study, we 3 demonstrated that bLf significantly increased tropoelastin expression in cultured 4 fibroblasts, and this expression is efficiently promoted by addition of a novel skin 5 penetration enhancer, acid-type SLs (Ishii et al. 2012 ). In the same study, we also 6 observed that on addition of SLs, transdermal absorption of bLf through a model skin D r a f t -4 -delivery agents of bLf in commonly used cosmetics and food products. Medium containing 10% glucose, 10% palm oil, 1% KH 2 PO 4 , 0.5% MgSO 4 , 5 0.1% NaCl, 0.1% urea, and 0.25% yeast extract was fermented by Starmerella 6 bombicola (NBRC 10243) to produce a mixture of lactone-type and acid-type SLs. The 7 lactone-type SLs were chemically converted to the acid-type SLs, which were purified 8 as previously described (Zhou et al. 2004 ). The typical chemical structure of SLs used 9 in this study is shown in Fig. 1 . The purity and chemical structure of the SLs were 10 confirmed by NMR and liquid chromatography-mass spectrometry as previously 11 described (Konishi et al. 2008 and Nuñez et al. 2000) . bLf (purity > 95%) was 12 purchased from Morinaga Milk Industry Co., Ltd. (Tokyo, Japan). The iron saturation 13 level of bLf ranged between 10% and 20% and LPS contamination was undetectable 14 (manufacturer's specifications). Proteolytic enzymes proteinase K obtained from 15 Tritirachium album (EC 3.4.21.64; catalogue No. 160-14001) and trypsin obtained from 16 porcine pancreas (EC 3.4.21.4; catalogue No. 207-19183) System, Inc., Santa Barbara, California, USA)) using the solid particle mode and
9
Nicomp distribution analysis mode assuming multi-modal distributions. A typical 10 particle size distribution is described in the results section. The particle size in the 11 dissolved sample solutions is also reported as volume-weighted mean particle diameter 2.2.3. Cryo-scanning electron microscopy (Cryo-SEM)
14
Sample solutions were rapidly frozen in liquid nitrogen slush and quickly 15 transferred into the specimen chamber of a scanning electron microscope equipped with 16 a cryo-unit (S4100, Hitachi, Ltd., Tokyo, Japan). They were etched at -65°C for 60 min 17 or longer to remove water molecules on the surface of frozen solutions and then sputter To analyze the particle size distribution of the sample solutions containing 0.1 12 wt% of bLf and/or 0.1 wt% of SLs, DLS measurements were carried out using the 13 particle size analyzer at 25 °C. Under weakly acidic condition, the particle size of bLf bLf and SLs were mixed at a weight ratio of 1:1, the mono-modal peak originating from 18 the dissolved bLf disappeared, and aggregates slightly larger than the SLs aggregates,
19
probably consisting of SLs and bLf, were observed ( Fig. 2c) . These results show that 20 bLf and SLs interact with each other and probably form complexes at pH 5.0.
21
In neutral sample solutions (pH 7.0), the mean particle size of both bLf and . A similar tendency was also observed for the SLs used in this study.
8
These data suggest that SLs are negatively charged both at pH 5.0 and at pH 7.0. To gain insight into the structural features of the possible complexes,
17
Cryo-SEM was conducted to observe bLf or/and SLs present in the sample solutions. 4 Fig. 3b shows the Cryo-SEM micrographs of the sample solutions at pH 7.0.
5
Unlike the results shown in Fig. 3a , similar structures were found in bLf, SLs and 6 solutions containing bLf & SLs. However, on magnification, some small sheet-like 7 structures were seen in the SLs solution (E). Additionally, at the low magnification
8
(1,000x), the fibrous network in SLs appeared to be finer than the bLf network, while in 9 solutions containing a mixture of bLf and SLs, the width of the fibrous network ranged 10 between the width observed in the bLf and SLs solutions. Therefore, we can assume that 11 in neutral solutions, SLs interact with bLf to form relatively small complexes that 12 depend on electrostatic attractions (Fig. 2f) Protease K and trypsin (Fig. 4a) . However, in the presence of SLs, specific undigested 2 fractions of bLf were generated on treatment with Protease K and trypsin (Fig. 4b) . At 3 neutral pH, both enzymes also efficiently digested bLf in the absence of SLs (Fig. 4c) Trypsin-treated samples (Fig. 4d) . These results indicate that bLf interacted with SLs 6 but was not completely protected by the surrounding SLs. These results also support the Cryo-SEM observations that bLf was not incorporated into vesicles organized by SLs 8 but was associated with the ribbon-like self-organization that occurred at pH 5 (Fig. 3a) 9 and the network-like self-organization that occurred at pH 7, and was mostly exposed to 10 the aqueous phase in both structures. In addition, the digestion patterns at pH 7.0 and 11 pH 5.0 were quite different, supporting the observation that bLf was incorporated into 12 different structures at these two pHs (Fig. 3a, 3b ). 1.6 and 1092.3 ± 71.7, respectively (Fig. 5a) . Similarly, at pH 7.0, the hydrophobicity with the data obtained from the particle size analysis described in section 3.1. solutions did not cause marked changes in the CD spectrum, (Fig. 6b) , indicating that at 
